Histopathological changes following krait (Bungarus) bites are not widely documented compared to other species of snakes. In this study, the histopathological changes in liver, kidney and brain tissues following intramuscular administration of venom of Bungarus ceylonicus and Bungarus caeruleus were studied. Serial dilutions of venom of the two species of snakes were injected to seven groups of mice after determination of protein concentrations. There were no macroscopically identifiable changes in any of the organs. Tissues were obtained for histological studies at 1 h, 3 h, 6 h, 12 h and 24 h time intervals following injection of venom. Histopathological changes namely congestion, inflammation and necrosis were observed microscopically in the tissues of liver, brain and kidney. These changes were proportionate to the dose of venom and were maximum in the liver at the dose of 1.0 µg/mouse for B. caeruleus venom and at 2.0 µg/mouse for B. ceylonicus venom. Histopathological changes observed due to B. caeruleus and B. ceylonicus venom appeared within 1 h in all tissues. Congestion was moderate in the liver and kidney but was less marked in brain. Inflammatory infiltration was seen in the perivascular regions in liver and kidney and was mainly lymphocytic. Venom of B. ceylonicus produced histopathological changes in the brain tissue, but not B. caeruleus venom. Histopathological changes were intense with B. ceylonicus venom than with B. caeruleus venom. Necrosis was seen in the liver and brain only following administration of B. ceylonicus venom. No histopathological changes were observed in skeletal and cardiac muscle with either venom.
INTRODUCTION
Tissue changes following snake envenomation depend on the species of snake responsible for the bite, the composition of its venom and also the susceptibility of the tissue for a particular component of the venom (Kamiguti et al., 2000) . Snake venom affects the kidneys more frequently than the other tissues. This is more pronounced when there is haemotoxins and vasculotoxins in venom. Renal manifestations are very common following viper bites (Sheriff, 1983) . Histologically, changes due to viper venom have been seen in all renal structures (Soe et al., 1993) . Degeneration, necrosis and regeneration of tubular epithelial cells are seen in renal tubules. Interstitial oedema, cellular infiltration, arteritis, thrombophlebitis, congestion, infarction and cortical necrosis have also been observed (Sitprija, 2006; Kiran et al., 2004) .
In the liver, congestion and petechial haemorrhages, microvescicular fatty change, hydropic degeneration as well as necrosis of hepatocytes have been recorded following snake bites (de Silva et al., 1992; Kumaranayake, 1971) .
Myocardial changes are common when snake venom is rich in cardiotoxins. Congestion of myocardial blood vessels and petichial haemorrhages are the frequent histological manifestations. Skeletal muscles are affected in the presence of myotoxic substances in the venom. Microscopically, congestion of blood vessels and necrosis are the common findings. Indirectly, muscle damage results in myoglobinuria which could be detected biochemically (Ali et al., 2000) .
Histological changes in the brain tissues following snake bites are not widely documented __________________________________________ *Corresponding Author's email: shirani05@yahoo.com compared to other organs. However, since snake venom is rich in neurotoxins significant microscopical changes are likely to be present in the brain tissue. Multiple small foci of haemorrhages and congestion of blood vessels have been reported following administration of collubrid snake venom to rats which was more marked with intravenous injection of venom (Peichoto et al., 2006) . Apoptosis of Schwann cells following intramuscular injection of beta bungarotoxin has been demonstrated in chick embryos (Ciutat et al., 1996) . In addition, histopathological changes have been demonstrated in the lungs and adrenal glands (Kularatne & Ratnatunga, 2001) . Bungarus venom is a rich source of phospholipases which break down phospholipids in the cell membrane. This is thought to be the most important mode of tissue damage in elapid snake bites (Sitprija, 2006) .
The objective of this study was to identify and compare the histological changes in liver, brain and kidney tissues following intramuscular injection of B. ceylonicus and B. caeruleus venom to mice.
MATERIALS AND METHODS
For the collection of venom, three snakes of each of the two species, B. caeruleus and B. ceylonicus were used. Venom was collected on three consecutive days and the protein concentration of venom determined by the method of Lowry (Lowry et. al., 1851) . Next, venom was diluted with freshly prepared phosphate buffered saline at pH 7.2 and injectable samples were prepared and stored at -80 o C up to a period of 12 weeks.
Three to six month old Balb C mice weighing 25-30 g were used as the mammalian model. Seven groups of thirty mice were used with equal numbers of males and females.
Aliquots of 0.5 ml of venom from B. caeruleus and B. ceylonicus at concentrations shown in the Table 1 were injected to the left thigh of mice intramuscularly. The strength of venom used was based on the LD 50 values for B. caeruleus (Ranasinghe, 1983) . Control group was administered with 0.5 ml of freshly prepared phosphate buffered saline.
At 1 h, 3 h, 6 h, 12 h and 24 h following administration of venom into mice, six mice from each treatment group were anaesthetized and liver, kidneys, brain, heart and the right thigh muscle were removed and preserved in 10% formalin. Paraffin sections were prepared and stained with Haematoxylin and Eosin and assessed under light microscopy by two individuals. Histopathological changes were scored according to a predetermined system given in Table 2 . If three out of six mice in a treatment group showed a particular histological change it was considered as a positive response. 
RESULTS
No macroscopically identifiable changes were observed in any of the tissues of the mice. Histopathological changes were seen in the specimens of liver, brain and kidneys and not in skeletal and cardiac muscles of the treated mice. These histopathological changes were inflammatory, congestive and necrotic in nature. Inflammatory infiltrates consisted of lymphocytes and few plasma cells. Scattered inflammatory cells in the tissues were not considered positive.
Although architectural distortion of the liver was not a common feature, lobular disarray with hydropic change (Fig. 1A) was seen in few tissue samples (7%) following administering B. ceylonicus venom which was not seen with B. caeruleus. Congestion was seen in almost all tissue samples of liver (Fig. 1B) and kidney (Fig.  3A) following venom administration irrespective of the concentration, time duration since injection or the species of snake. In the kidney glomerular congestion was seen in tissues collected after 6h, 12h and 24h following administering venom but not after 1h and 3h. Mild congestion of the meningeal vessels ( Fig. 2A) was seen in the brain with B. ceylonicus venom but not with B. caeruleus venom.
Inflammatory infiltrates were confined to the periportal and perivenular regions of the liver following administration of both types of krait venoms ( Fig. 1C and Table 3 ) and was prominent in tissues obtained 6 h, 12 h and 24 h after injection than in tissues obtained earlier (1h and 3h). Only one mouse in the control group showed evidence of inflammation. Liver necrosis (Fig. 1D ) was a consistent finding following injection of B. ceylonicus venom which was not seen with B. caeruleus venom at any concentration. When necrosis was present, it was always associated with inflammatory infiltration and not vice versa. Periventricular focal necrosis with associated inflammatory infiltration was the most prominent feature in the cerebrum which was seen only following administration of B. ceylonicus venom (Fig. 2C and Table 4 ).
In the kidney inflammatory infiltrates were seen close to large arteries and veins ( Fig. 3B and Table 5 ) but necrosis was not seen. Similar histopathological changes were seen in mice following administering both B. ceylonicus and B. caeruleus venom. Table 2 .
Figure 1. Histopathological changes in liver tissue of mice following envenomation with B. ceylonicus venom: (A) Lobular disarray, (B) Congestion (arrows point to congested vessels), (C) Inflammatory foci (arrow points to an inflammatory focus adjacent to a central vein and (D) Focal necrosis (arrows point to two foci of necroinflammation).
(N -Samples not available)
DISCUSSION
Histopathological changes were seen in the liver, brain and the kidney and those were of an acute toxic insult. Bungarus venom is rich in neurotoxins and certain neurotoxins like kappatoxin have its primary action in the central nervous system. This would be contributory to the presence of histopathological changes in the brain.
Post synaptic toxins get concentrated in the kidney at higher concentrations than in other tissues (Chang et al., 1979) . On the other hand, the main route of excretion of elapid toxins is via kidney. These would explain the presence of congestion and inflammation in the kidneys. However, absence of neprhotoxic agents, vasculotoxins and haemotoxins would be the reason for the lack of necrosis in the kidneys. Liver, on the other hand being the primary detoxifying organ in the body could be affected by many types of toxic components in venom. However, since the affinity of neurotoxins is lower for the liver, it is possible that these changes are resulting from another toxic component in the venom other than neurotoxins.
Bungarus
venom also contains phospholipases which show a range of different actions on different tissues. These enzymes hydrolyze phospholipids in the cell membrane and disturb the cell membrane activity (Iwanaga & Suzuki, 1979) . In the present study, the histopathological manifestations, mainly inflammatory and necrotic in nature could have occurred in response to the membrane damage caused by the action of these phospholipases. Viper venom, which is rich in phospholipases causes extensive tissue damage involving many organs.
Lower molecular weight toxins in krait venom are rapidly absorbed and fastly distributed through the blood stream (de Silva and Ranasinghe, 1983) . Thus, toxic changes would appear in the target organs early. In this study the tissue changes were evident even at 1 hour after injection in the brain, kidney as well as the liver.
Hyaluronidase, is known to enhance tissue distribution of other toxins (Iwanaga & Suzuki, 1979) . Although Bungarus venom is not a rich source of hyaluronidase, B. candidus, the most venomous species in the genus Bungarus is known to have hyaluronidase activity in its venom (Pukrittayakamee et al., 1988) . Thus, it is possible that B. ceylonicus and B. caeruleus also would contain hyaluronidase in their venom leading to a faster action. This could be the reason particularly with B. ceylonicus venom which has led to prominent tissue changes even at much lower doses.
In mice that were injected with B ceylonicus venom, inflammatory infiltrates in the liver were pronounced even at the concentration of 0.5 µg while with B. caeruleus this was seen with higher concentrations, 1.0 µg and 2.0 µg. In the kidney, in both groups treated with B. caeruleus and B ceylonicus venom, inflammatory changes were found to increase with concentration. Liver necrosis was seen only following administration of B. ceylonicus venom and was a consistent feature in mice at the dose of 2.0 µg. Administration of B. ceylonicus venom resulted in congestion, inflammation and necrosis in the brain at all concentrations, which was not seen with B. caeruleus venom. This suggests that the susceptibility of the tissues to effects of venom is different in the two species. Further histological studies with a correlation to the median lethal dose would be helpful in clarifying these issues.
Since crude venom was injected, differences in venom composition could have contributed to the above differences. Differences in the phospholipase A 2 activity in the venom of the two species of snakes is a possibility which needs further biochemical studies with analysis of venom components. Necrosis of liver tissue produced by B. ceylonicus venom suggests the possibility of a cardiotoxin like substance in it as opposed to B. caeruleus venom. This is supported by the fact that cardiotoxin in cobra venom has a higher affinity towards the liver than the brain and kidney (Chang, 2003) .
A previous study in India using B. caeruleus venom, has demonstrated haemorrhage and necrosis of proximal tubules of the kidney and petechial haemorrhages in the myocardium (Kiran et al., 2004) in addition to findings similar to the present study.
This study would be of importance in characterization of possible proteins in Bungarus venom as well as understanding their action in the process of development of a specific antivenom. In cases with suspected krait bites knowledge on changes in different tissues may be important. In addition, B. ceylonicus being an endemic species to Sri Lanka, understanding of its toxicology is of local importance.
